We developed a method of quantitatively assessing a pilot's flight-simulator performance to improve simulation-based education using flight-training devices (FTDs). As a quantitative index of performance, we focused on the pilot's line-of-sight while scanning flight instruments, and tried to characterize his/her performance level based on visual focus tendencies. Two experiments were conducted. The first was a comparative analysis of line-of-sight data recorded for flight instrument-rated (IR) pilots and noninstrument-rated (NIR) pilots in order to verify that line-of-sight data can be used as a quantitative assessment benchmark. The second was conducted to verify the effectiveness of reviewing and reflecting on a NIR pilot's own recorded line-of-sight data -as well as that of a IR pilot -in the form of recorded images, for improving his/her flying skills. In each experiment, a steep turn, which is a common in-flight maneuver, was conducted using a flight-training device (FTD). Six cockpit instruments were chosen as the targets of line-of-sight measurements. The number of times that the pilot's eyes became fixated on each instrument was measured and the cumulative fixation time was calculated. In this study, we observed different visual focus tendencies for IR pilots and NIR pilots. Flying skills were found to markedly improve by reflecting on the pilot's own line-of-sight, as well as that of an IR pilot using recorded images.
Introduction
In recent years, a shortage of professional pilotsassociated with the mass retirement of the baby-boom generation and the worldwide increase in demand for air travel (1) -has presented increasingly serious problems for Japan's domestic air-travel industry. Japan's Ministry of Land, Infrastructure, Transport and Tourism has predicted that, by around the year 2030, some 400 new pilots will need to be hired each year, and the Ministry has announced plans to establish training courses for pilots at a total of 7 private universities, including Hosei University, making use of our aviation technology course (2) . The primary objective of these training courses is to improve the flying skills of pilot trainees in efficient ways, and one component of the training strategy is simulation-based education using flight-training devices (FTDs).
Simulation-based education shortens the time required for learning, reduces the costs by not flying actual airplanes, and can contribute significantly to improving flying skills (3) . However, assessments of the flying skills of trainees during the training process have primarily been entrusted to subjective evaluations on the part of instructors, and the scarcity of objective methods of characterizing trainee performance is a problematic aspect of this approach. Unfortunately, the recording and organization of operational logs has been insufficient, creating a situation in which trainees are informed of the operational history of their flights only through the comments of instructors in briefing sessions after the flights. Under these circumstances, it is difficult for trainees to review their performance with adequate thoroughness.
Commercial airlines have implemented a program known as Flight Operational Quality Assurance (FOQA) to record and evaluate data on airplane flights and deliver feedback on the results to the flight crew. However, no such system currently exists for pilot training courses.
In today's world, with services such as e-Portfolio enabling the collection and longitudinal assessment of large quantities of educational data, there is a need for quantitative, evidence-based assessments of flying performance for trainees in pilot training courses. It is also important that trainees be able to review their own flying performance based on objective benchmarks in order to identify and address areas needing improvement.
In this study, we focus on one specific candidate for use as a quantitative benchmark of the flying performance of pilot trainees: information on the pilot's lineof-sight (that is, where the pilot tends to direct his or her visual focus) while scanning flight instruments.
Commercial airline pilots are assumed to be capable of instrument-based flight (flight in which the pilot depends solely on instruments for measurements of the aircraft's attitude, altitude, position, and course) and to have the ability to obtain information on various flight statistics by visual scanning (reading numbers on instruments). Moreover, being able to make appropriate decisions based on that input is an important skill tied directly to flight quality.
In general, a scanning method known as crosscheck -in which the pilot scans instruments from top to bottom and left to right with the horizon indicator in the center -is recommended for all pilots as a means of keeping abreast of accurate flight conditions. Figure 1 shows a flowchart diagramming the steps between the instant a discrepancy in a flight statistic arises (the trigger) and the time at which corrective action is taken. The high speed at which airplanes travel ensures that, if the discovery of a trigger is delayed, the discrepancy in question expands, increasing the time required to respond by taking corrective action. Thus, triggers must be detected quickly in order to restore proper flight conditions. This is a challenge that demands effective instrument-scanning techniques.
As the results of visual scanning are directly reflected by flight conditions and in-flight assessments, in this study we use line-of-sight information as an objective benchmark for assessing flying skills.
Measurements of pilot line-of-sight data have been used before in workload measurement studies (4, 5) , operational behavior analyses (6) , and visual design of instrument monitors (7) . Nishi and Ohkubo (8, 9) obtained line-ofsight information, muscle potentials and heart rates for Japan Air Self-Defense Force pilots during FTD operations and used these data for analyzing correlations with aircraft response data.
Among research studies conducted outside of Japan, the study of Yu, et al. (10) analyzing the visualfocus patterns of fighter pilots is relatively recent. In a joint study, Glaholt and the Toronto Research Centre (11) worked with Defence Research and Development Canada and other organizations to conduct an exhaustive survey of research over the past 60 years in order to establish correlations between pilot line-of-sight data and a variety of other factors including performance and workload. Dubois, et al. (12) conducted an experiment in which pilot trainees at military schools were given realtime audio or video instructions, such as "look outside", and reported visual-focus habits during this process.
In the studies mentioned above, the primary test subjects were fighter pilots. However, the flight methods, flight tasks, and operational procedures related to visually-based military flights are completely different from those related to instrument-based commercial airline flights. In addition, these studies focused primarily on the observation of trends in line-of-sight information and did not mention its utilization in education and training.
With respect to commercial airline pilots, Haslbeck, et al. (13) carried out a comparative analysis of flying skills among captains of long-distance flights and first officers of short-distance flights based on line-ofsight data. In addition, Weibel, et al. (14) reported on trials of a system for displaying data on pilots' line-of-sight within the flight deck, together with data obtained from video images, audio recordings, digital pens, and other sources.
These studies also focused primarily on observa- tion and did not mention its use in educational settings. This is important because, since there are no case studies that utilized line-of-sight data for educating inexperienced pilot trainees, the practical use of line-of-sight information in pilot education fields can be expected to be valuable. Line-of-sight information has recently been utilized in the learning support field as well. In a typical example, Gofuku, and Hoshimoto (15) analyzed movement patterns in the visual focus of operators at a chemical plant and noted the differences between beginners and skilled operators.
Many other studies have focused on modeling the causal relationship between line-of-sight information and subject behavior by treating line-of-sight information as a parameter for understanding the cognitive process (16) . In contrast, the objective of this study is to improve the effectiveness of practical education by using line-of-sight information as an index for evaluating performance, with a focus on exploratory line-ofsight movements to detect the instantaneously changing external state of the flight caused by weather conditions such as air currents, as well as airplane position, engine output, and airspeed. Accordingly, herein we proposed and tested the efficacy of line-of-sight data as an objective, quantifiable benchmark for performance assessments in order to assist in improving the flying skills of trainees during simulation-based education in pilottraining courses for commercial aircraft.
We conducted two experiments. The objective of Experiment 1 was to test whether or not line-of-sight data are an effective assessment benchmark that measures a pilot's characteristic flying skill level. To accomplish this, we separated pilots into two groups of different skill levels: instrument-rated (IR) pilots, who have earned an instrument-based flight certificate, which is a well-established credential indicating competence in instrument-based flight, and non-instrument-rated (NIR) pilots, who have not earned that certificate. Using lineof-sight data as an assessment benchmark, we then performed a comparative analysis of flying skills during which we could determine whether or not our method detects characteristic visual-focus habits indicating a pilot's skill level, and assess whether or not line-of-sight data are an effective benchmark for evaluating pilot flying skills. In Experiment 2, we used the results of Experiment 1 regarding the visual-focus habits of pilots to offer instruction to trainees based on characterization of line-of-sight data, and then assessed the effectiveness of this educational technique in actual practice.
We believe that line-of-sight information can provide an effective indicator if trainees are able to utilize the assessment and feedback based on such data to improve their flying skills by correcting their visualfocus habits.
In this study, we focused on reflection as an educational strategy for modifying visual-focus habits. Reflection encourages self-awareness, which leads to learning improvement by compelling learners to review their own actions and their consequences. Setting aside all other possible elements for reflection other than lineof-sight information, we studied and measured actual performance improvements while considering "visualfocus habit" alone as a subject for reflection.
The two objectives of this instruction were (a) to acquire effective information about flight states by keeping an eye on appropriate meters at the proper timing, and (b) making suitable judgments and performing proper operations based on the above-mentioned information.
In the actual experimental phase, we recruited a group of NIR pilots to serve as test subjects, divided the full group into a test group and a control group, and then asked each pilot to carry out an identical sequence of flight tasks a total of two times. After the completion of the first flight-task sequence, pilots in the test group were given the educational opportunity to review recorded images of their own flight and to view recorded images of an exemplary IR pilot carrying out the identical flight-task sequence, together with images of that pilot's line-of-sight information. The control group was not offered this educational opportunity. We then measured the improvement in flying skills between the first and second flights and assessed the practical effectiveness of assessment and instruction based on line-of-sight data.
For the flight task assigned to pilots in all experiments, we chose a steep turn during flight work (which is a subject that offers practice in learning basic aircraftoperating techniques). Our reason for choosing this task was that it is the most typical flight task within the subjects of flight work. The specific task was to execute a continuous turn with the aircraft at an inclination angle of 45°. Pilots were required to carry out this procedure while stabilizing all three types of aircraft flight control surfaces.
Methods

Effectiveness of Line-of-Sight Data as
an Assessment Benchmark 2.1.1 Overview Experiment 1 to test the effectiveness of line-ofsight data as an assessment benchmark was conducted over a total of 7 days between July 22, 2016 and August 12, 2016. The participants were 5 pilots employed by commercial airlines and possessing instrument-based flight certificates (whom we denoted as the IR group) and 5 trainees not in possession of instrument-based flight certificates (the NIR group). All participants were male.
Before pilots operated the FTD, we provided both spoken and written overviews of our study and of instrument-based flight; we also discussed safeguards for private personal information and obtained the consent of all participants.
Participants were equipped with measuring instruments to record the position of their line-of-sight during operation of the Model-G58 certified FTD (Japan BTA Co., Ltd. Tokyo, Japan). Participants operated the controls from the left seat; when necessary, an instrumentbased-flight-certificate-holding copilot occupied the right seat and received instructions regarding tasks such as raising and lowering flaps.
The FTD settings were configured as follows for our measurements (for the chart, see Figure 2 ).
Weather conditions: Wind 300°/8 knots Range of visibility: 1,200 meters Cloud height: 500 feet Barometric pressure: 29.92 inches Operating under these conditions, pilots performed a steep turn upon reaching an altitude of 5000 feet, during which we made line-of-sight measurements. We took the time at which the aircraft begins tilting in the direction of the initial turn as the starting point. The pilots directed the aircraft through a complete 180° rotation at an orientation of 45°, and then rotated the aircraft 180° back in the opposite direction. The point at which the aircraft returns to its original course was taken as the end of the procedure.
For the instruments considered important for carrying out the flight task described above, we measured the frequency with which pilots directed their line-of-sight at the instrument and the total duration of time the lineof-sight remained on the instrument. We considered a pilot to have directed their visual focus on a target when their line-of-sight remains trained on that target for 0.1 s or longer.
The instrument screen ( Figure 3 ) was captured as an operation log for evaluating the participant's skill. The target area was set just above each instrument, and involuntary eye movements and eye movements while switching to another target were ignored during the assessment. The visual focus was identified by instructors based on line-of-sight logs.
Assessments of the flying skills of trainees in simulations were made by instructors in Hosei University's Flight Operation Training program according to a 5-step assessment table (Table 1) based on existing practical testing guidelines for aircraft operators (17) . In general, for commercial airlines, an assessment score of 3 or higher is considered passing for these practical tests.
Instruments Monitored
The measurement instruments considered necessary to complete the flight task are listed below; numbers refer to Figure 3 , "Important Measurement Instruments." (1) Bank Shows the angle of left-right tilt about the aircraft's front-to-back axis when the control wheel is pointed to the left or right. (2) Pitch Shows the angle between the aircraft's neck and the horizontal -that is, the degree to which the aircraft is tilted in the horizontal direction -when the control wheel is moved forward or backward. . In this study, we included the GS indicator, which is an instrument that measures the rate at which the aircraft is climbing or descending, in our definition of altitude instruments. . An instrument that indicates engine output. On the G58 model FTD, power is determined from the manifold pressure indicator.
Tools and Equipment
For line-of-sight data collection, we used the EMR-9 eye-mark recorder (NAC Image Technology, Inc. Tokyo, Japan). This instrument uses the corneal reflection method to detect the line-of-sight position by measuring the relative distance between the pupil center position and an image reflected from the cornea using near-infrared illumination. The instrument can collect data at a frequency of 60 Hz, allowing detection of lineof-site focusing events of 0.1 s or greater duration.
The FTD we used was equipped with a G1000 flight meter (Garmin Ltd. Olathe, KA.). The charts inserted in the instruments were printed for each flight.
For statistical processing we used SPSS Statistics 24 (IBM, Armonk, NY) software. The flight was stable. No deviation in the Speed, Pitch, Altitude, Bank and Heading were found. 4
The flight was stable, but deviation in Speed less than ±5 kt, in Pitch less than ±2.5, in Altitude less than ±50 ft, in Bank and Heading less than ±5° were found.
3 Some portions of the flight were somewhat unstable. Deviation in Speed between ±5 kt and ±10 kt, in Pitch between ±2.5° and ±5°, in Altitude between ±50 ft and ±100 ft, in Bank and Heading between ±5° and ±10° were found.
2 Some portions of the flight were unstable. Deviation in Speed between ±10 kt and ±20 kt, in Pitch between ±5° and ±7.5°, in Altitude between ±100ft and ±200ft, in Bank and Heading between ±10° and ±15° were found.
1 Some portions of the flight were unstable. Deviation in Speed greater than ±20 kt, in Pitch greater than ±7.5°, in Altitude greater than ±200 ft, in Bank and Heading greater than ±15° were found.
Effectiveness of Instruction Based on Line-of-Sight Data
Experiment 2 to test the effectiveness of instruction was conducted over a 9-day period from December 7, 2016 to December 17, 2016 .
Based on the results of Experiment 1 discussed in Section 2.1, we first confirmed a certain problematic tendency, characteristic of NIR pilots, and we related it to the placement of visual focus during the execution of flight tasks. We also confirmed the more appropriate visual-focus habits of IR pilots during flight. Next, we conducted Experiment 2 to evaluate the practical effectiveness of instruction based on assessments of line-ofsight data in improving the flying skills of pilot trainees.
To accomplish this, we recruited a new pool of 14 NIR pilots not in possession of instrument-based-flight certificates (12 males and 2 females) and randomly divided this pool into two groups of 7, one as a test group and one as a control group. Flight tasks and measurements were carried out using the procedures described in Section 2.1.1.
Experimental measurements were made for the same flight-task sequence repeated two times. After the first flight, pilots in the test group were given an opportunity to review and reflect on line-of-sight data and flight logs from their own first flight performance, as well as an opportunity to review and reflect on line-ofsight data and flight logs for the same flight-task sequence executed by an exemplary IR pilot. In the process of reviewing and reflecting on flight records, trainees had an opportunity to identify -in recorded images-the points at which problems arose. Trainees were then asked to write down the causes and some proposed remedies for these problems, after which they repeated the flight-task sequence a second time. Next, from the recorded images, the trainees identified the differences between their visual scanning technique and that of the exemplary IR pilot. After confirming the trainees' review and reflection, two instructors provided advice about the trainees' scanning method, but not about their flight operations. The control group was not given an opportunity to review and reflect on the previous performance. The interval between the first and second trials was 2 weeks.
Based on the results of Section 2.1, we concluded that, in assessing flying skills during the execution of flight tasks, it would be desirable to obtain a more detailed characterization of line-of-sight transitions for NIR pilots during the various stages of execution of the flight-task sequence. To this end, we augmented our 5-stage evaluation rubric by creating a new assessment benchmark based on line-of-sight data, thereby defining clear targets for what pilots should be seeking as they scan instruments while completing flight tasks ( Figure  4) . We divided the "steep turn" into a 10-step process and considered that pilots directed their visual focus when their line-of-sight remained for 0.1 s or more on a target area, one or more times in each process. The assessment included both routine scanning criteria -to be in place at all times in flight-as well as recommended specific scanning targets to be used during the progress of a flight.
The frequency with which pilots failed to demonstrate desirable visual scanning practices was converted into a demerit penalty that reduced the pilots' flying skill assessment score. The instructors then calculated the number of times that acceptable scanning was not performed in each process using the demerit mark system. More specifically, the cases where the pilots did not direct their line-of-sight to the applicable instrument, or where they did not carry out an acceptable operation, was calculated as −2 points. Cases where the pilots directed their line-of-sight to the applicable instrument but did not perform an appropriate corrective operation were calculated as −1 point. 
Results
Effectiveness of Line-of-Sight Data as an Assessment Benchmark
Within our pool of test subjects, the mean age of the IR pilots was 32.4 years. The mean age of the NIR pilots was 20.2 years. Figures 5 and 6 show typical examples of transitions in visual focus with respect to the rubric of the IR and NIR groups. Compared to the IR group, the NIR group tended to focus more on the Bank indicator, with very little visual focus on other flight instruments. In contrast, the IR group showed a tendency to focus evenly on all six instruments.
To check the normality of each datum, we conducted Kolmogorov-Smirnov tests of the frequency and total duration of the visual focus displayed by pilots while carrying out flight tasks, as well as of the flying skill scores of the pilots in simulations and confirmed that the data obeyed a normal distribution.
Next, we analyzed the data using a parametric test (t-test). Table 2 shows a comparison of frequency and total duration of visual focus on flight instruments, while Table 3 shows a comparison of flying skill assessment scores. In these tables, we see first that the frequency and duration of visual focus on the Bank indicator were greater, with statistical significance, for NIR pilots than for IR pilots. In contrast, both the frequency and duration of visual focus on the Altitude and IAS indicators were greater for IR pilots than for NIR pilots. For the Heading indicator, the duration of visual focus was greater for IR pilots than for NIR pilots. For the other instruments, no statistically significant differences were observed between the groups. We can also see that flying skill assessment scores were higher, with statistical significance for the IR group than for the NIR group.
Effectiveness of Instruction Based on Line-of-Sight Data
Among the NIR pilots in our study, the mean age of the test group was 20.2 years, while the mean age of the control group was 20.1 years. Figures 7 and 8 show examples of transitions in visual focus of a typical subject in the test group before and after reflection. Here, we see that, compared to the data before reflection, the issue of excessive visual focus on the Bank indicator decreased after reflection. Moreover, the frequency of visual focus also increased for flight instruments that were looked at less frequently before reflection, such as the Heading and Altitude indicators.
With respect to the rubric, we can see that the pilot had started visually focusing on the flight instrument that requires visual focus at each step such as, for example, directing his/her visual focus on the IAS at the point where the bank angle reaches 45°, or on the HDG at the time of turning back. Our statistical data for scores within the 5-step assessment of flying skills, the number of demerits, and the frequency and duration of visual focus on various measurement instruments were then subjected to Kolmogorov-Smirnov tests to check normality and were found to obey a non-normal distribution. Next, we analyzed the data using non-parametric methods. In this stage, the differences in flying skill scores and the number of demerits between the two groups were compared. Since the experiment was conducted between test subjects, the Mann-Whitney U test was used, and the results are shown in Table 4 .
Next, we compared the differences in visual focus frequency and duration between the first and second tri- als for the test and control groups (Table 5) . Here, since data for the same subjects were compared, the Wilcoxon signed-rank test was used.
In assessments of flying skills, scores for pilots in the test group improved to higher values than was observed for the control group. Within the test group, two students were observed to achieve a score of 3, which is considered passing by commercial airlines. The number of demerits received tended to be lower for the test group compared to the control group. For test group members, both the frequency and duration of visual focus on the Bank indicator were reduced on the second flight compared to the first flight. Similarly, for the test group, the frequency and duration of visual focus on the Heading indicator were greater on the second flight than the first flight. The duration of visual focus on the Altitude instrument also increased from the first to the second trial for the test group. For the control group, no statistically significant differences in visual focus frequency or duration were observed between the two trials for any instrument. Tables 6 and 7 show the sheets filled in as refer- ence materials for reflection by the subject in Figures 7  and 8 . In Table 6 , where the subject himself reviewed the first flight, we see that the subject was aware of his tendency to direct excessive visual focus on the Bank indicator. The subject was also aware of his insufficient visual focus on Altitude from the time the bank angle reaches 45° until initial turn back, and the need to visually focus on other instruments when turning back. This indicated he was able to gain a certain degree of improved awareness just by reviewing his own video recording.
In Table 7 , where the subject compared himself with IR pilots, we see that the subject had become aware of the fact that his own eye movements were scattered compared to the systematic scanning of the IR pilots.
In the advice on directing visual focus provided by instructors in Table 8 , we can see that the subject had become aware of the need to steadily observe the Pitch indicator, which is an important element that should always be kept in mind when scanning. Additionally, the instructor's advice touched on points that the student himself had already noted, as shown in Table 6 . 
Test < Control** Control < Test** Significance level **=0.01 *=0.05 
Discussion
Effectiveness of Line-of-Sight Data as an Assessment Benchmark
The test results in Table 2 corroborated the tendencies in visual focus transitions shown in Figures 5 and 6 .
During the execution of the flight task, NIR pilots directed their visual focus at the Bank indicator more frequently and for a greater total duration than IR pilots. We attribute this to the likelihood that, compared to IR pilots, NIR pilots must concentrate more intensely on maintaining a 45° bank angle while turning.
The frequency and duration of visual focus for the Altitude and IAS indicators were higher for IR pilots than for NIR pilots. This indicates that when NIR pilots are forced to concentrate most of their focus on maintaining the bank angle, they inevitably pay less attention to maintaining the aircraft's altitude and speed.
Compared to NIR pilots, IR pilots exhibited a higher duration of visual focus on the Heading indicator. However, no meaningful discrepancy between the groups was observed for the frequency of visual focus on that instrument. This suggests that, whereas NIR pilots look somewhat absent-mindedly at the Heading instrument when reading the number it displays, IR pilots recognize the significance of this number and correspondingly devote significant time to observing it.
Based on these observations, we can see that our method has identified differences in the visual-focus habits of IR and NIR pilots. Specifically, whereas IR pilots scan many instruments with uniform attention and focus, NIR pilots direct the majority of their attentions to maintaining the aircraft's bank angle and consequently have little focus remaining to direct to the task of maintaining other flight indicators such as altitude or speed.
The fact that our method detects both differences in skill level and specific areas of problematic behavior in visual-focus habits confirms its effectiveness as a quantitative assessment benchmark.
Effectiveness of Instruction Based on Line-of-Sight Data
Based on the results in Table 4 , the fact that the group of test subjects who reviewed and reflected on their performance both (a) improved their assessment scores, and (b) decreased their numbers of demerits suggests that this method of instruction indeed contributes to improving the flying skills of trainees. The decrease in the demerit points suggests trainees learned how to scan and what they should scan, and modified their visual-focus habits through the comparisons with an exemplary IR pilot.
The test results in Table 5 corroborated the differences in visual focus transitions found in Figures 7 and  8 .
We see that the tendency to be consumed by the task of controlling the aircraft's bank angle, and thus to direct excessive visual focus to the Bank indicatorwhich we noted in Section 4.1 was a problematic behavior that NIR pilots tended to display-was reduced among the trainees who reviewed and reflected on their performance.
The visual focus time directed toward the Altitude and Heading instruments also increased, suggesting that reviewing and reflecting on recorded images caused pilots to focus consciously on executing the crosscheck approach.
No differences were observed for IAS, thus indicating that, compared to the differences between the IR and NIR groups, the differences among the NIR group Compare your own line-of-sight movement with those of IR pilots My line of sight was scattered and deviated from the instruments. I was not able to look at the instruments with composure. I will scan more thoroughly and with more presence of mind. I did not look at the IAS sufficiently.
were not so great as to yield clearly significant performance gaps for this benchmark.
The results in Figure 8 and Table 5 show that corrections required to achieve the visual focus targets, presented as solutions by the trainee in Tables 6, 7 , and 8, had been carried out. Between the time to arrive at the target heading and when the bank angle approaches 45°, the solution to "look at pitch" given by the trainee for the issue of "insufficient visual focus on altitude", suggests that the trainee had become aware that a steady pitch would result in more time to visually focus on altitude.
Conclusion
In this study, with the goal of improving the educational effectiveness of simulation-based training, we performed quantitative assessments of flying skills using line-of-sight data as an assessment benchmark.
First, to test the effectiveness of line-of-sight data as a quantitative assessment benchmark, we made experimental measurements of trends in line-of-sight information during flight work for two groups of pilots with differing skill levels -one group consisting of pilots possessing instrument-based flight certificates (IR pilots) and another group not possessing these certificates (NIR pilots)-and compared the results.
Our results for the frequency of line-of-sight focusing and for total duration of visual focus indicated that IR pilots used the crosscheck approach, and thus tended to direct their visual focus toward all instruments uniformly. In contrast, NIR pilots were consumed by the task of maintaining a constant angle on the Bank indicator during a steep turn -which is the primary task of the flight sequence-and consequently paid less attention to other instruments, which is a problem that our method revealed in full quantitative detail. This demonstrates that line-of-sight data offer insights into the visual-focus habits of pilots of varying skill levels, thereby demonstrating its effectiveness as an assessment benchmark.
Next, to test the practical effectiveness of using line-of-sight information to improve the flying skills of trainees, we offered some NIR pilots an opportunity to review and reflect on their flying performance, as indicated by the line-of-sight data, and then compared flying skill scores and visual-focus habits before and after this review both for participants who did and who did not review and reflect on their performance. Our experimental results showed that the group of NIR pilots who reviewed and reflected on their performance exhibited improvements in visual-focus habits-an aspect of performance in which significant problems were present in the first experimental flight trial-and improved their flying skill scores, thereby reducing the number of demerits incurred. This shows that assessment and instruction based on line-of-sight data improves the flying skills of trainees, thus demonstrating the efficacy of our proposed method.
Furthermore, the results suggested that improvement in flying skills can be obtained by instructions limited to line-of-sight movement alone.
In future work, we hope to design an automated line-of-sight pattern-learning system using virtual-reality techniques in which our rubric for line-of-sight data is taken as a conditional formula, and thus contribute to 
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